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Neurons in ActionSensory neurons have mostly been studied in fixed animals, but how do they
behave when the animal is free to move? A recent study shows that, during
locomotor activity, besides there being a general enhancement in
responsiveness, the tuning curves of neurons can also change, altering their
optimal stimuli.Alexander Borst
Much of what we know about nerve
cells comes from experiments where
the brain has been isolated from the
animal, cut into slices and bathed in
an artificial recording solution. The
reason for that is that, in order to
place a patch-electrode onto a neuron,
visibility as well as stability are badly
needed. For the study of sensory
neurons, it is of course advisable to
leave the brain attached to the sensory
organs. So the next best situation is
to anesthetize or at least to fix the
animal, place them in front of a
stimulus monitor or loudspeaker, play
the stimulus and record from the
neuron of interest. This has been the
prevailing paradigm for decades, and
most of what we read in textbooks
about receptive fields and preferred
orientation of visual interneurons orspectro-temporal filter properties of
auditory neurons comes from such
experiments. For a functional
interpretation of these data in terms of
behavioral relevance, the classical
neuro-ethological approach has
been to correlate a given behavior
observed in mostly unrestrained
animals with the response properties
of neurons obtained from tethered
animals. Thus, it was tacitly assumed
that the neural response properties
are the same, when the animal is
immobilized passively perceiving the
stimulus and when it is freely moving
around. As is demonstrated by the
recent work of Chiappe et al. [1,2],
however, this assumption can no
longer be made.
As they report in this issue of Current
Biology, Chiappe et al. [1] investigated
an identified visual, motion-sensitive
interneuron in the brain of the fruit flyDrosophila, the so-called HSN-cell
(Horizontal System, Northern). From
previous work on immobilized flies,
this cell was known to respond to
large-field visual motion stimuli,
such as vertical gratings moving
from the front to the back of the fly
[3]. In their new setting, instead of
waxing the fly down on a platform to
get stable access to its brain, the
authors built on a technique that was
invented more than 30 years ago for
precise measurements of visually
driven behavior [4]. They placed the
fly on a little walking sphere made
from polyurethane foam floating on
an air cushion. With the fly held in
place from the top, it is free to walk
stationary on the sphere, the
movement of which is conveniently
detected by a camera system based
on an optical computer mouse device
allowing for a reconstruction of the
path the fly would have taken if it was
free to move.
To record the HSN-cell’s activity
optically, Chiappe et al. [1] expressed
a recently developed genetically-
encoded calcium indicator called
GCaMP3.0 [5]. This indicator is
based on the well-known green
fluorescent protein (GFP), engineered
to change its fluorescence along
with changes of intracellular calcium
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rushes into neurons through
voltage-gated channels, the
intracellular calcium concentration
rises whenever the neuron is
depolarized. The fluorescence
emitted by GCaMP can therefore be
used as an optical read-out of neural
activity, as has been verified in these
neurons by previous studies [7,8]. To
avoid blinding of the flies by the
excitation light, the authors used
a two-photon microscope which
confines the focus of the light to
a small layer of several micrometers
only [9].
Using this methodology, the authors
found three things [1]. First, the
responses to a motion stimulus were
significantly higher when the flies
were walking, as compared to when
the flies were at rest. Second, this
increase in response amplitude
correlated well with the walking
speed: the higher the walking speed,
the larger the response. Third, and
probably most interesting: this
increase of responsiveness was
different for different stimulus speeds,
amplifying the responses to higher
speeds more strongly than to lower
speeds. This led to a new speed
tuning of the cells during walking,
with a peak at somewhat higher
speeds as compared to the one in
resting flies.
In a study published earlier this year
Maimon et al. [10] had managed to
perform whole-cell recording from
a related group of cells in Drosophila
during flight, the so-called VS-cells
(Vertical System) [11]. As Chiappe et al.
[1] found with the HSN-cell, these
authors also reported a dramatic gain
enhancement of the VS-cells during
flight. So, similar mechanisms seem to
be at work during walking and during
flight activity, both in HS- and VS-cells.
However, Maimon et al. [10] did not
investigate the speed tuning of the
cells, but rather looked into their
orientation tuning which, during
flight, looked like an up-scaled
version of the one during rest. Having
access to the membrane potential
of VS-cells via their patch pipette,
Maimon et al. [10] found a slight,
but significant, depolarization during
flight going along with a significant
decrease of the input resistance,
indicating an increased synaptic
drive during flight. Thus, locomotor
activity seems either to provide
an extra direct excitatory input tothe VS-cells (and probably to HS-cells
as well), or to enhance the output of
their presynaptic elements. Future
studies will have to find out the
source of this excitation, as well as its
precise target.
Whatever the answer to these
questions turns out to be, neurons
really wake up when the animal gets
into action. This statement seems to
hold generally: A number of studies
in rodents, using techniques quite
similar to the one by Chiappe et al. [1]
to allow and record locomotor activity
as well as neural activity, report
similar findings on hippocampal
neurons and neurons in visual cortex
during active navigation [12–14]. As
an alternative to head-fixed animals,
the rat or mouse may also be allowed
to freely walk around while carrying
the recording equipment with them
[15,16], something prohibitive in
Drosophila for obvious reasons. It is
quite satisfying to see that after
a period of dormancy, there is
renewed interest within the
neuroscience community to tackle the
hard problem of how neural activity
relates to behavior.
While early pioneers recorded
intracellularly from acoustic
interneurons during phonotactic
orientation in crickets walking on
a Styrofoam sphere [17], such
approaches were rare for some
decades with the notable exception
of hippocampus research (for example
[18]). After the advent of 2-Photon
microscopy [9], opto-genetics [19]
and whole-cell patch recording in
genetically amenable organisms like
Drosophila [20], these techniques can
now be combined with experimental
set-ups allowing the animals to
navigate in virtual environments while
individual and genetically defined
neurons are being recorded and/or
manipulated in various ways. This
approach will be key for our
understanding of the relationship
between neural activity and behavior
at the level of individual neurons which
can only be studied while the animal
is in action.
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